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PROCESS FOR DETECTING MODULATORS OF MYOCARDIAL RELAXATION 

The invention relates to a novel process, in particular to a screening 
process for identifying compounds having potentially useful medical utility. 
5 At the cellular and molecular levels myocardial relaxation primarily 

depends upon the function of a specific enzyme located in the sarcoplasmic 
reticulum (SR)- SR-Ca^- ATPase. This enzyme mediates the uptake of Ca^* ions 
into the SR via a cardiac Ca2+ pump. 

This pump is known to be regulated by a particular phosphoprotein, 
10 phospholamban (PLB). PLB is a known regulatory subunit present in two foims 
- phosphoiylated (PPLB) and the aforementioned dephosphorylated form. The 
dephosphorylated form acts to suppress the activity of the Ca^+ATPase by 
decreasing the affinity of the pump for Cs?*. This inhibitory effect is relieved - 
thereby promoting cardiac relaxation - when PLB is phosphoiylated to PPLB. 

The phosphorylation of PLB is catalysed by a protem kinase (PK). The 
pS P?°'^'**'°" o^"PPLB is catalysed by a particular protein phosphatase (PP) 

We are interested in studying the conversion of PPLB to PLB and in 
particular in tiie detection of compounds which inhibit tiie activity of PLB-PP. 

The PLB-PP associated witii cardiac SR is a type 1 enzyme or PPl . The 
catalytic activity of PPl is known to be controlled by a 37 kiloDalton (kDa) 
protein subunit, PPICsub. 

Recent evidence indicates that a novel class of proteins, of 124 kDa, 
named targeting subunits (PPl-Tsub), is fiinctionally linked to PPICsub and 
25 ensures tiiat tiie binding of PPICsub to SR takes place at a specific subcellular 
location (Tloc) on SR. In flie heart, tiie PPlCsuhfPPl-Tsub heterodhner is called 
PPIG and is tiie major SR-PP. 

It is our view tiiat tiie binding of tiie PPI-Tsub complex which occurs witii 
PLB in tiie SR provides a signal mtervention pomt into tiie process of formation 
30 of PPLB and hence for modulating Ca2+.ATPase activity. A corollary to tins is 
tiiat substances which modulate tius bmding and tiiereby modulate tiie 
suppression of Ca2+.ATPase activity would potentially have a beneficial effect 
upon myocardial relaxation. 

Accordingly, in a first aspect tiie present invention provides a process for 
35 . detecting modulators of myocardial relaxation, which process comprises assessing 
a modulating effect of a putative modulator upon tiie phosphorylation of 
phospholamban. 

Suitable modulators include proteins and small molecules, especially 
small molecules. 
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Suitable modulators are inhibitors or antagonists of the dephosphorylation 
of phosphoJamban . 

Inhibitors or antagonists of the dephosphorylation of phospholamban are 
potentially useful for the treatment of cardiac disorders associated with an 
5 inhibition of myocardial relaxation, such as congestive heart failure, left 
ventricular hypertrophy and cardiac arrhythmias. 

The invention is considered to extend to modulators, in particular the 
inhibitors or antagonists, identified by use of the process of the invention. 

Suitable assessments of the modulating effects comprise detecting and/or 
1 0 characterising the said modulating effects. 

In a preferred aspect, the dephosphorylation of phospholamban is assessed 
via an interaction, suitably a binding interaction, between phospholamban and a 
protein phosphatase (PP), suitably PPlCsub and especially PPlCsub-PPl-Tsub 
complex. 

15 The phospholamban is suitably located in sarcoplasmic reticulum vesicles. 

A suitable source of PPI-Tsub has been obtained from an homosapiens PPP1R3 
mRNA for protein phosphatase!. The Genbank accession number is X78578. The PPl- 
Tsub clone was obtained already inserted in BlueScript plasmid. The sequence of the 
human glycogen-associated regulatory subunit of type 1 protein phosphatase has been 
20 published in Diabetes 43, (10) 1234-1241 (1994). 

PPl Csub and anti PPl Csub are both commercially available: for example 
both can be obtained fix>m Euromedex [PPlCsub, ref 14-1 10 and anti human 
PPlCsub, ref 06-22]. 

PLB has been produced in rabbit reticulocyte lysate using an "in vitro" 
25 transcription/translation system (Promega). This methodology offers several 
advantages including rapid protein synthesis and 35s Methionine labelling. The 
products can be rapidly analysed by SDS PAGE using autoradiography and 
inununoblot experiments. 

Labelled PLB protein has been successfully produced in small amount by 
30 this technique: PLB protein appears to be produced in its multimeric form in 
rabbit reticulocyte lysate and migrated slowly. When lysate denatured, the PLB 
protein co-migiated with the control form purified from dog RS (about 25 Kd). 

Any conventional methodology can be employed to assess the interaction 
between PLB and PPl -Tsub, for example biosensor technology, radiobinding 
35 method, scintillation proximity assays, co-immunoprecipitation assays, native 
page electrophoresis or cross linking experiments methods. 

In one particular form of the process, radiolabeled 35S-PP1 -Tsub is used, 
the effect of a putative modulator was then assessed by determining the effect of 
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the putative modulator ufK)n the transfer of the label to PLB using conventional 
radioisotopic methods. 

One particularly advantageous aspect of the process is provided by the 
immobilised SR vesicles, which may be solubilized or non-solubilised. 
5 Surprisingly, the PLB of the immobilised vesicles retained binding 

capacity as demonstrated by interaction with PLB monclonal antibodies. In the 
same way polyclonal antibodies raised against PPl-Tsub are able to bind to SR 
vesicles, suggesting the presence of viable PPl-Tsub in the immobilised 
preparations. 

10 Accordingly, inunobilised SR vesicles, for example dog vesicles, form a 

further part of this mvention, preferably using aminosilane coated micro-cuvettes. 
Micro-cuvettes are available with a choice of derivatised sensor surfaces, 
including a carboxymethyl-dextran hydrogel, or an aminosilane surface linker 
specifically developed for large molecules and cells. 

1 5 Preferably, a binding agent, such as bis (sulfosuccinimidyl) suberate (BS3, 

ImM) is used to cross link the vesicles to the immobilisation agent surface. 

The vesicles are immobilised using known technology, for example that 
described below. 

The monoclonal PLB antibodies are obtained from Upstate Biotechnology 
20 (ref 05-205 according to Suzuki and Wang, J Biol.chem 261 :70 1 8 1 986). 

In an analogous fashion the pharmacological viability of the PPl -Tsub 
may be validated by demonstrating an interaction between the PP 1 -Tsub and 
polyclonal antibodies raised against active PPl-Tsub 

The process of the invention is illustrated by the following Example. 
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Example: Protein-Protein Interaction: Assay using Biosensor Technology. 

a) The prot col (FISONS Applied Sens r Technology) f r immobilising 
the vesicles is the following: 

5 1 ) Activation: A baseline is established with sodium phosphate buffer 

which is then replaced with 200 ul of BS3 (Pierce, 2 1 579) soluUon for 1 0 
minutes, followed by aspiration and washing thoroughly with buffer. 

2) Immobilization: Once a baseline was achieved 1 00 |ig/ml SR was 
added to the vesicles for 1 0 minutes which were then washed with buffer. 
1 0 3) Blocking: After immobilisation, in order to block any remaining sites 

on the activated surfece, 200 ul of bovine serum albumin (BSA, Sigma A-6003) 
was added to the cuvette for 5 minutes followed by aspiration and washing 
thoroughly with buffer. 

4) The sodium phosphate buffer was then changed to a suitable buffer for 
1 5 the binding stage, eg PBS. 

5) The SR vesicles are then added in the binding experiments. 

6) Regeneration procedures are then used to allow rapid and frequent re- 
use of the immobilized ligand. 

20 b) Assay Procednre: 

Dog SR Vesicles were solubilised with 1% Zwittergent in a cuvette and 
successfully immobilized onto aminosilane surface. 
Monoclonal antibody raised against PLB was then added. This evidenced an 
interaction with solubilised SR vesicles demonstrating that the PLB is still 

25 pharmacologically accessible after the immobilization. Binding and dissociaUon 
are increasingly important measures of biological activity and fiinction. Affinity 
sensors is an optical biosensor system for studying biomolecular interactions in 
real-time. It allows reactions to be watched as they happen, so revealing the 
dynamics as well as the strength of binding. Analysis is carried out very rapidly 

30 without the need for labels. Binding and dissociation are seen as shifts in 
resonance angle arising as one partner or more in free solution binds to, or 
dissociate fix)m, the other partner immobilized at the surface of the sensor. 

In the same way anti-PPl -Tsub is able to bind to solubilised SR vesicles 
suggesting the presence of PPl-Tsub in our preparations 

35 As a negative control, SR vesicles isolated from skeletal muscle were 

shown to give no reaction with the PLB monoclonal antibodies as there is no PLB 
in skeletal muscle. 

When monoclonal antibodies raised against PLB were immobilized on 
aminosilane surface, PLB is able to recognize anti-PLB antibodies. The addition 
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of PPl-Tsub at this stage clearly demonstrate for the first time the interaction 
between PPMsub and PLB. 

Results and Conclusion 

5 

The results obtained with Phospholamban, PPl-Tsub, solubilised dog cardiac 
vesicles are shown in the table and clearly illustrate that the interaction exists 
between phospholamban and PPl-Tsub (Tab). 





SR 

solubilised 
vesicles 


Anti-PLB 


Anti-PPI-Tsub 


PLB 




++ 




PPl-Tsub 






-H- 


Cardiac SR 
vesicles 




+++ 




Skeletal 
muscle SR 
vesicles 









10 — no interaction, 
++ interaction 

+++ strong interaction and high affinity between the two partners. 

The results from the Table are interpreted as follows, referring in turn to 
the interactions represented by each box of the Table: 
1 5 • PLB-SR vesicles: binding with a structure in the SR (probably PP 1 -Tsub) 

• PLB-anti-PLB: binding between the protein and the specific antibodies raised 
against this protein 

• PLB-Anti PP 1 -Tsubrno recognition as expected 

• PPl -Tsub-SR vesicles: binding v^th a structure in the SR (probably PLB) 
20 • PPl -Tsub -anti-PLB: no recognition as expected 

• PP 1 -Tsub -Anti PP 1 -Tsub: binding between the protein and the specific 
antibodies raised against this protein 
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• Cardiac SR vesicles-anti-PLB: binding as PLB present in SR vesicles 

• Cardiac SR vesicles-anti-PP 1 -Tsub: binding suggesting that PP 1 -Tsub is 
present in SR vesicles 

• Skeletal muscle SR vesiclcs-anti-PLB: no recognition as PLB not present in 
5 skeletal muscle 

• Skeletal muscle SR vesicles-anti-PP I -Tsub: binding as PP I -Tsub is also 
expressed in skeletal muscle. 

Conclusion; 

1 0 This assay shows that the interaction between PLB and PP I -Tsub 

represents a useful target for drug action aimed at the treatment of the above 
mentioned cardiovascular diseases. 

Notes: 

1 5 Dog SR vesicles were prepared according to Jones et al., J. Biol. Chem 
1979,254,530-539. 

Monoclonal antibodies raised in mouse against PLB are obtained from Upstate 
Biotechnology (ref 05-205 according to Suzuki and Wang, J Biol Chem 261 7018 
1986). 

20 Polyclonal antibodies raised in sheep against PPl -Tsub were obtained from Philip 
Cohen (University of Dundee). 
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Claims: 

1 . A process for detecting modulators of myocardial relaxation, which 
process comprises assessing a modulating effect of a putative modulator upon the 

5 phosphorylation of phospholamban. 

2. A process according to claim 1 , wherein the dephosphorylation of 
phospholamban is assessed via an interaction, between phospholamban and a 
protein phosphatase (PP) 

10 

3. A process according to claim 1 or claim 2, wherein the interaction, 
between phospholamban and a protein phosphatase (PP) is a binding interaction. 

4. A process according to any one of claims 1 to 3, wherein the protein 
1 5 phosphate is located in sarcoplasmic reticulum vesicles. 

5. A process according to any one of claims 1 to 4, wherein the protein 
phosphate is PP 1 Csub-PP 1 -Tsub complex. 

20 6. A process according to claim 5, wherein PPl -Tsub is obtained from an 
homosapiens PPP1R3 mRNA for protein phosphatase!. 

7. A process according to claim 5 or claim 6, wherein PP 1 -Tsub is 
radiolabelled as 35S-PPl-Tsub. 

25 

8. Inunobilised SR vesicles. 

9. Immobilised SR dog vesicles. 
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